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BACKGROUND 

[0001] The present invention relates to camera modules, and 

more particularly, to digital camera modules within a 
wireless communication device. 

[0002] Portable electronic devices such as personal digital 
assistants (PDAS) and cellular telephones are becoming 
increasingly popular. Some of these devices have a 
built-in integrated digital camera module allowing the 
devices to take pictures. 

[0003] The integrated camera module typically includes lens 

focusing a scene onto a digital imager. Further, the 
integrated camera module typically includes flexible 
printed circuit board (FPCB) interconnect ("flex 
interconnect") connecting the camera module to other 
portions of the portable electronic device such as its 
application (host or main) processor. FPCBs are known in 
the industry and are usually made of copper laminated 
polyimid that has copper "wires," or traces, and may have 
copper "lands" onto which passive components (such as 
resistors or capacitors, used for signal integrity, power 
supply filtering, or electro-magnetic interference (EMI) 
suppression) or an active component (such as a voltage 
regulator), or an integrated circuit (IC, here, imaging 
IC) is attached, or combinations of such. 

[0004] Often, the integrated camera module is packaged 
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within a portable electronic device package (for example, 
a cellular telephone) having a fixed direction either 
toward or away from the person using the cellular 
telephone. For simplicity of discussion, a cellular 
telephone is used herein this document as the example 
portable electronic device. 
[0005] To provide an ability to take pictures in the 
opposite direction (compared to the fixed direction) , the 
integrated camera module needs to be flipped or rotated. 

In fact, some portable electronic devices include a 
rotating mechanism to allow its integrated camera module 
to take pictures in opposing directions. However, such 
mechanical rotators or flipping hinges add complexity and 
costs to the cellular telephone. Moreover, such 

mechanical systems decrease reliability of the cellular 
telephone . 

[0006] Another approach to provide the ability to take 

pictures in the opposite direction (compared to the fixed 
direction) is to provide two integrated camera modules - 
the first module facing toward the user and the second 
module facing away from the user. However, this approach 
leads to the doubling of the camera module portion of the 
costs, doubles the area and connection reguirements for 
the integrated camera modules within the cellular 
telephone (because an attachment are made to connect 
each module separately) thereby reducing reliability, 
increasing assembly time, and increases adverse 
electronic conseguences within the cellular phone. These 
include, for example, increased power usage (due to 
redundant flex interconnect associated bus loading) and 
increased electro-magnetic interference (EMI) and 
increased electrical overstress (EOS) susceptibility (due 
to the multiple flex interconnects acting as multiple 
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antennas ) . 

[0007] Accordingly, there remains a need for a device that 
eliminates or alleviates these shortcomings. 

SUMMARY 

[0008] The need is met by the present invention. According 
to a first embodiment of the present invention, a dual 
camera module includes two image modules attached to a 
flex interconnect. 

[0009] In a second embodiment of the present invention, an 
electronic apparatus includes a substrate and a dual 
camera module attached to the substrate. The dual camera 
module is adapted to capture images and includes a first 
image module adapted to capture images in a first 
direction and a second image module adapted to capture 
images in a second direction. 

[0010] In a third embodiment of the present invention, an 
electronic apparatus includes a substrate, a first image 
module adapted to capture images mounted on a first side 
of said substrate, and a second image module adapted to 
capture images mounted on a second side of said 
substrate. The apparatus includes a screen adapted to 
display images captured by the first image module and by 
the second image module. 

[0011] In a fourth embodiment of the present invention, a 
method of operating an electronic apparatus is disclosed. 

First, a scene is captured using a first image module 
for previewing the scene on a display. After the 
preview, the scene is captured using a second image 
module . 

[0012] In a fifth embodiment of the present invention, a 

method of operating an electronic apparatus is disclosed. 
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First, a scene is captured using a first image module 
and a second image module, the two image modules 
operating simultaneously and synchronously generating a 
composite image data stream. 
[0013] Other aspects and advantages of the present 

invention will become apparent from the following 
detailed description, taken in conjunction with the 
accompanying drawings, illustrating by way of example the 
principles of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] Figure 1 illustrates a simplified cutaway schematic 

view of an apparatus including a dual camera module in 
accordance with one embodiment of the present invention; 
[0015] Figure 2A illustrates the dual camera module 

illustrated in Figure 1 in a greater detail; 
[0016] Figure 2B illustrates a top view of the dual camera 

module illustrated in Figure 2A; 
[0017] Figure 3 illustrates a simplified cutaway schematic 

view of a portion of an apparatus including a dual camera 
module in accordance with another embodiment of the 
present invention; and 
[0018] Figure 4 illustrates yet another embodiment of the 

dual camera module of the present invention. 

DETAILED DESCRIPTION 

[0019] The present invention will now be described with 

reference to Figures 1 through 4, which illustrate 
various embodiments of the present invention. As 
illustrated in the Figures, relative sizes of various 
portions, structures, or any combination of these are 
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exaggerated for illustrative purposes and, thus, are 
provided to illustrate the general structures of the 
present invention. 

[0020] Various aspects of the present invention are 
described with reference to a device having one or more 
layers, regions, structures, portions, or any combination 
of these having a position relative to other layers, 
regions, structures, or portions. These relative 
positions may be described using common relative 
positional descriptors such as, for example, "on," 
"above," "over," "left," "right," "front," "back," 
"under," "below," "beneath," or any combination of these. 

It will be understood that these terms are intended to 
encompass different orientations of the device in 
addition to the orientation depicted in the Figures. For 
example, an embodiment of a device having a first portion 
above a second portion encompasses an embodiment of the 
device having the first portion below the second portion 
if the device is flipped. References to a layer, a 
region, a structure, or a portion located on or above 
another layer, region, structure, or portion without an 
intervening region, structure, or portion are described 
as being formed "directly on" or "directly above" the 
other layer, region, structure, or portion. Like numbers 
refer to like elements throughout. 

[0021] As shown in the figures for the purposes of 
illustration, one embodiment of the present invention is 
exemplified by an apparatus, for example a cellular 
telephone. The apparatus includes a dual camera module 
with a first image module for capturing images in a first 
direction and a second image module for capturing images 
in a second direction. Here, the first image module and 
the second image module share a flex interconnect thereby 
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eliminating or alleviating the shortcomings with the 
prior art approaches discussed above. 

[0022] Figure 1 illustrates a simplified cutaway schematic 
view of an electronic apparatus 10 including a dual 
camera module 30 in accordance with one embodiment of the 
present invention. In the present example, the apparatus 
10 is a cellular telephone 10. However, the apparatus 10 
can be other electronic devices such as a personal 
digital assistant (PDA), a notebook computer, or such. 
The apparatus 10 likely includes a speaker 12, a 
microphone 14, and a screen 16. The apparatus 10 is also 
likely to include a plurality of input means such as 
buttons 18 for controlling the apparatus 10. Internally, 
the apparatus 10 includes electronic circuit elements 
mounted on a substrate 20 such as a printed circuit board 
(PCB). The internal electronic circuit elements are 
represented here by a processor 22. 

[0023] Figure 2A illustrates the dual camera module 30 

illustrated in Figure 1 in a greater detail. Figure 2B 
illustrates a top view of the dual camera module 30 
illustrated in Figure 2A. Referring to Figures 1 through 
2B, the dual camera module 30 includes a first image 
module 4 0 and a second image module 60. 

[0024] The first image module 40 is adapted to capture 
images in a first direction 42. The first image module 
40 includes a first lens 44 that focuses a first image 
(in the first direction 42 of the first image module 40) 
on a first sensor 46. The first sensor 46 can be, for 
example, a CMOS (complementary metal-oxide semiconductor) 
chip commonly used in digital imaging sensor applications 
and readily available in the marketplace. The first 
sensor 46 can also include image processor circuits. In 
that case, the first sensor 46 is a combination sensor 
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and processor. In fact, the first sensor 46 can be a 
single integrated circuit (IC) or can be a sensor IC 
assembled in combination with an image processing IC (for 
example, a sensor IC assembled with an image processor IC 
as its substrate, directly connected through adhesive 
conductors, wire bonds, solder balls, and like. 
[0025] The first image module 40 can also include other 
components such as a first imaging filter 48. The first 
lens 44 is held by a first lens holder 50 which can be a 
part of a frame 52 housing the above described components 
of the first image module 40. It is understood that the 
first lens 44 and the first lens holder 50 can be 
adjusted to optimize the first lens 44 for best position 
above the first imager 56 for optimal focus. There are 
various mechanical and even electro-mechanical methods of 
doing this known in the art. Further, it is also 
possible to build the apparatus 10 having a variable- 
focus system. 

[0026] The second image module 60 is adapted to capture 
images in a second direction 62. In the illustrated 
embodiment, the second direction 62 is opposite direction 
relative to the first direction 42. However, this is not 
required. Figures 1, 2A, and 3 show one module directly 
above the other module (almost doubling the height of the 
assembly) ; however, this is not required. It is 
understood that the modules 40 and 60 can be attached to 
the flex in such a way so that the flex could be bent or 
folded as illustrated in Figure 4 . The second image 
module 60 includes a second lens 64 that focuses a second 
image (in the second direction 62 of the second image 
module 60) on a second sensor 66. The second sensor 66 
can be, for example, a CMOS (complementary metal-oxide 
semiconductor) chip commonly used in digital imaging 
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sensor applications and readily available in the 
marketplace. The second sensor 66 can also include image 
processor circuits. In that case, the second sensor 66 
is a combination sensor and processor. In fact, the 
second sensor 66 can be a single integrated circuit (IC) 
or can be a sensor IC assembled in combination with an 
image processing IC (for example, a sensor IC assembled 
with an image processor IC as its substrate, directly 
connected through adhesive conductors, wire bonds, solder 
balls, and like. 

[0027] The second image module 60 can also include other 
components such as a second imaging filter 68. The 
second lens 64 is held by a second lens holder 70 which 
can be a part of the frame 52 housing the components of 
both the first image module 4 0 and the second image 
module 60. It is understood that the second lens 64 and 
the second lens holder 70 can be adjusted to optimize the 
second lens 64 for best position above the second imager 
66 for optimal focus. There are various mechanical and 
even electro-mechanical methods of doing this known in 
the art. Further, it is also possible to build the 
apparatus 10 having a variable-focus system. 

[0028] The first image module 40 and the second image 

module 60 can be configured for differing purposes or 
individually optimized. For example, the first image 
module 40 can have a first focal length (defined by the 
first lens 44 and a first distance 43 between the first 
sensor 46 and the first lens 44) for imaging scenes 
relatively far in the first direction 42 where the second 
image module 60 has a second focal length (defined by the 
second lens 64 and a second distance 63 between the first 
sensor 66 and the first lens 64) for imaging scenes 
relatively close in the first direction 62. 
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[0029] For visible light imaging (for example, taking 
pictures), an infra-red (IR) filter is usually used as 
the first imaging filter 48, the second imaging filter 
68, or both. For non-visible light imaging, the imaging 
filters 48 and 68 would block visible light (and allow, 
for example, only IR light) . Therefore, for IR 

applications, either no IR filter, or perhaps a non-IR 
filter might be used. The imaging filters 48 and 68 are 
illustrated as separate physical element for clarity of 
discussion; however, it is understood that such filters 
may not be a separate element in the light path, but 
could be incorporated into a film or property of any 
element in the light path (e.g. lens material, film or 
layer on the lens 44 and 64 or the sensors 46 and 66. 

[0030] The dual camera module 30 includes a flex 
interconnect 32 to which the first image module 40 and 
the second image modules 60 are attached. The flex 
interconnect 32 includes a plurality of wires including 
wires implementing Inter-Integrated Circuit (I2C) bus 
protocol known in the art. When implemented, each of the 
image modules 40 and 60 can be programmed to respond to a 
unique I2C address relative to each other. Further, each 
of each of the image modules 40 and 60 is configured to 
tri-state its output signals. There are other parallel 
or serial control and data bus protocols that could be 
used to implement the multi-camera module system, such as 
the Serial Peripheral interface (SPI) . The I2C bus is a 
common two-wire interface used in the illustrated 
embodiment for the purposes of disclosing the invention. 

[0031] In alternative embodiments, each camera module can 

be designed to respond to a shared (or global) I2C 
address. Two (or more) camera modules could receive a 
shared (or global) instruction (for example, to "RUN") 
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simultaneously . 



Advantages include reduced time to 



communicate to all modules, and the ability to have all 
camera modules "RUN" simultaneously for synchronized 
operation. Furthermore, if the camera module consists of 
a sensor/imager processor, such module can be designed to 
respond to a shared "sensor" global I2C address as well 
as a shared "image processor" global I2C address. 
Advantage in such embodiments include, for example, the 
fact that a sensor gain register setting could be sent to 
all sensors, a sizer value could be sent to all image 
processors, or both. 

[0032] The dual camera module 30 may further include a 
connection portion 34 which can useful when connecting to 
the substrate 20 as illustrated in Figure 1. The 
connection portion 34 can have connection pads 36. To 
avoid clutter, only two of the connection pads 36 are 
designated with the reference number 36. 

[0033] Although the Figures illustrate a flex interconnect 
32 structure, for alternate embodiments, there are 
various ways to attach the image modules 40 and 60 to the 
substrate, for example, wire-bonding, direct chip attach 
(flip chip solder bumping), or other adhesive/connective 
methods can be used. These include pre-assembly of said 
sensor/image processor ICS to a first substrate that is 
then assembled onto a second substrate. Further, a 
substrate could be a second integrated circuit (IC). 

[0034] The images captured by the image modules 40 and 60 
are displayed on the screen 16 of the apparatus 10, one 
image at a time or in any combination with other images. 
For example, a captured image from the first image module 
40 can be displayed simultaneously with a captured image 
from the second image module 60. In addition, still- 
image graphics and text can be generated and embedded or 
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overlaid in the final displayed image. Various modes of 
operation are possible using two image modules. 

[0035] Referring to Figures 1 and 4, a first method of 
operating a dual camera module 30b is now disclosed that 
significantly increases the image guality compared with 
to single camera module operation. One shortcoming of 
current art using a single camera module is the fact that 
image quality degrades as the temperature of the 
operating image module increases during normal operation, 
especially during high-current operating modes like full- 
frame video streaming. The imaging degradation can be 
due to, for example, increased fixed-pattern noise from 
an increase in dark-current produced because of thermal 
noise in the IC. In the current art, a user typically 
takes, or captures, a high-resolution snapshot only after 
first previewing a scene. However, during preview, the 
single image module is operating, thus it heat up, 
subsequently degrading or limiting the quality of the 
desired final high-resolution image. The preview image 
is relatively low-resolution compared to the captured 
high-resolution image. 

[0036] In the present invention, for the preview function, 
the scene is first captured using a first image module 
40. At this time, a second image module 60b can operate 
in a low power (hence low thermal) state or not operate 
at all. Then the scene is captured using the second 
camera module 60b. The capture using the second camera 
module is typically at a higher resolution compared to 
the first capture using the first image module 40. 
Further, the second capture, or snapshot, can be 
performed with assistance from the first image module 40 
over I2C bus to convey preview results. As a result, an 
improved high-resolution snapshot image is produced. 
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[0037] A second method of operating the dual camera module 
30b is now disclosed that describes how to generate a 
composite image from two (or more) camera modules. A 
composite image can be displayed in split-screen mode, 
picture-in-picture mode, or zoom mode. In the split- 
screen mode, the screen 16 displays an image from the 
first image module 40 on a first half the screen 16 and 
an image from the second image module 60b on a second 
first half of the screen 16. In the picture-in-picture 
mode, the screen 16 displays (on the full screen 16) an 
image from the first image module 40 while displaying an 
image from the second image module 60b on a portion of 
the screen 16. In the zoom mode, an enlarged image from 
the first camera module 4 0 is superimposed with an image 
from the second camera module 60b for displaying on the 
screen 16. In fact, these modes can be combined for 
additional effects. Further, it is understood that the 
apparatus 10, having the dual camera module 30b, can be 
configured to display still-image graphics or text 
anywhere on the screen 16 by introducing these data 
patterns into its image data stream. For simplicity of 
discussion, in the sample embodiment, both image modules 
40 and 60b can output data at the resolution or image 
size of the desired final composite image. 

[0038] Here, each of the image modules 40 and 60b is 
programmed with a "window-of -disinterest (WOD) " along 
with what is know in current art as a "window-of -interest 
(WOI)". Again, for simplicity of discussion, in the 
sample embodiment, assume that the WOI of the first image 
module 4 0 is the WOD of the second image module 60b. 
During the WOD, each camera module tri-states its image 
data bus at the same time the other image module outputs 
its image data during its WOI. As a result, a composite 
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image data stream is generated on the shared tri-state 
data bus, resulting in a final composite image for 
display. Of course, multiple modules, with multiple 
resolutions and orientations can be used to implement 
variations of these methods. Furthermore, it is 
understood that a image modules having various resolution 
levels can be programmed with "virtual" coordinates for 
WOI and WOD (to facilitate generation of horizontal and 
vertical sync signals, for example) appropriate for a 
high-resolution, synchronized final composite image. 

[0039] Portions 24a of another embodiment of the invention 
having alternate configuration are shown in Figure 3. 
Portions of this embodiment are similar to those shown in 
Figures 1 through 2B. Figure 3 illustrates a simplified 
cutaway schematic view of a portion of an apparatus 
including a dual camera module in accordance with another 
embodiment of the present invention. For convenience, 
components in Figure 3 that are similar to corresponding 
components in Figures 1 through 2B are assigned the same 
reference numerals, analogous but changed components are 
assigned the same reference numerals accompanied by 
letter "a," and different components are assigned 
different reference numerals. 

[0040] In this second sample embodiment, the apparatus 24a 
is similarly configured as the apparatus 10 of Figures 1 
through 2B except that the first image module 4 0 and the 
second image module 60 are mounted on a substrate 20a 
common to the apparatus 2 4a. That is, the modules 4 0 and 
60 are mounted on the common substrate 20a to which other 
components of the apparatus 24a mounted. Various method 
of mounting the modules 40 and 60 are possible. Some of 
these methods include, for example only, using 
preassembled dual-camera modules (for attaching to the 

- 13 - 



DJC File 314-075 



Express Mail label: EU 724892363 US 



PATENT Attorney Docket 10030003-1 

substrate, integrated onto the substrate, or any 
combination of these. In fact, the substrate, for 
example the common substrate 20a, can be the flex 
interconnect itself or a modified version of flex 
interconnect structure. 

[0041] Portions of yet another embodiment of the invention 

having alternate configuration are shown in Figure 4. 
Portions of this embodiment are similar to those shown in 
Figures 1 through 2B. Figure 4 illustrates yet another 
embodiment of the dual camera module of the present 
invention. For convenience, components in Figure 4 that 
are similar to corresponding components in Figures 1 to 
2B are assigned the same reference numerals, analogous 
but changed components are assigned the same reference 
numerals accompanied by letter "b, " and different 
components are assigned different reference numerals. 

[0042] Here, the dual camera module 30b includes the first 
image module which is 40 facing the first direction 42 
and is attached to a flex interconnect. The second image 
module 60b is connected to the flex interconnect 32 
facing the second direction 62b. Here, the second 
direction 62b is the same direction as the first 
direction 42 separated by a predetermined distance. The 
distance between the modules 40 and 60 allows capture of 
"stereo" or 3D composite image using both modules 40 and 
60. This is not possible with a single imager, and two 
separate modules don't share the other advantages of the 
DCM such as, for example only, global I2C addressing, 
tri-state processing, synchronized timing and 
communication, and economies of shared assembly and 
components. Of course, the dual camera module 30b can 
share some of the components of a single camera module. 
For example, a module body or frame that encapsulates 
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both camera modules 40 and 60. Further, such "stereo" 
embodiment could share a single light path (single lens) . 

[0043] In yet another embodiment of figure 4, the camera 

modules 40 and 60 (or individual imagers if sharing a 
module body), are adapted to generate one (e.g. RED, 
black/white, or infra-red) or two (e.g. RED/GREEN or 
GREEN/BLUE) color channel information. Images captured 
using the dual module system 30b can be combined to 
obtain increased color resolution, spatial resolution, or 
both. That is, relatively high resolution (color, 
spatial, or both) information capture is possible using 
relatively low resolution sensors of the modules 40 and 
60. Color resolution can be enhanced because all (or 
more) of a single sensor imaging pixels can be dedicated 
to a single color, increasing the frequency or adjacency 
of same-color pixels. Spatial resolution can be is 
enhanced because multiple (color) images are combining 
information from a common scene (common image path) . In 
fact, in various embodiments, the two modules 40 and 60 
can have different resolution, capture different color, 
or both. For example, the first module 4 0 can have a VGA 
resolution (of 480 by 640) while the second module 60 has 
a SVGA resolution (600 by 800) . Alternatively, the first 
module 40 can capture at a first color frequency range 
(e.g., infrared) while the second module 60 captures at a 
second color range (e.g., visual spectrum). 

[0044] From the foregoing, it will be appreciated that the 

present invention is novel and offers advantages over the 
current art. Although a specific embodiment of the 
invention is described and illustrated above, the 
invention is not to be limited to the specific forms or 
arrangements of parts so described and illustrated. For 
example, the camera module of the present invention can 
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include multiple image modules for capturing images in 
multiple directions, and in various resolutions and 
orientations. The invention is limited by the claims 
that follow. 
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